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Introduction
From the global perspective, the indigenous people in the Artic constitute potentially the most vulnerable population to the effects of climate change for two reasons. They live in close interaction with the natural environment and the climate change and its effects to environmental conditions including temperature are most impactful in the Arctic [1] . Therefor, indigenous people could be regarded as the first population indicators of the effects of harmful environmental condition and change. From the perspective of the indigenous people, climate change has been regarded as one of the most extensive threats to health and well-being [2] . In addition to climate change, environmental change related to natural and humanbased reasons, continued regional economic development, and prolific utilization of natural resources constitute similar threats to health, well-being as well as to the entire culture. 1 The average temperature in the Arctic has already risen from the preindustrial period [3] . The effects of climate change in the Polar Regions are expected to be globally the most pronounced [1] . Conditions in the Sápmi region have changed during postindustrial period, including the timing of snowmelt and the length of thermal seasons [3, 4] .
Around 40 indigenous peoples inhabit the Arctic Region forming 10% of the total population in this region. The present article focusses on the Saami (in North Saami: Sámi), the indigenous people living in the northern parts of Norway, Sweden, Finland, and Kola Peninsula in Russia. Many of the phenomena related to the Saami are likely to be generalizable to the other indigenous populations. On the basis of a priori knowledge, we hypothesized that the effects of climate change are likely to be holistic, influencing not just health and well-being, but the entire culture. Our overall objective was to elaborate the holistic effects of climate change on the Saami.
The specific objectives of the study were (1) to develop a framework for understanding the holistic effects of climate change on the Saami people and Arctic indigenous people in general; (2) to summarize the scientific evidence about the primary, secondary, and tertiary effects of climate change to Saami culture and to Sápmi region; and (3) to identify gaps in the knowledge of the effects of climate change on health and well-being of the Saami.
Methods

Saami People
The traditional settlement area is called Sápmi (land of the Saami) in the North Saami language. The population of Saami people is estimated at 50,000-70,000 in Norway [5] , over 10,000 in Finland [6] , 20,000-35,000 in Sweden [7••] , and 2000 in Russia [8] . Approximately half of the Saami speak Saami as their native language. All Saami languages are classified as endangered or highly endangered [9] . Traditional Saami livelihoods include reindeer herding, fishing, hunting, handicrafts (duodji), and gathering. Reindeer herding is the most viable livelihood. Many of the Saami reindeer-herding families are also involved in Saami handicrafts, fishing, and gathering. In Sweden and Norway, practically only the Saami can practice reindeer herding. At present many Saami are occupied outside traditional livelihoods and many, especially youth, have migrated to urban regions outside Sápmi [10] .
Framework and Theory
The main proposition is that the global change driven by the anthropogenic climate change is influencing entire cultures of the indigenous populations in the Artic (Fig. 1) . We conceptualized the complex causal web schematically in Figs. 2 and 3. Figure 2a is an extension of the framework of the Center for Environmental and Respiratory Health Research multidisciplinary research program established in 2009 [11] . In the present form, "public health" appearing in the center was replaced with "culture, well-being, and health". The arrows from Global change illustrate how the effects of global change are hypothesized to be mediated through climate, air, water, and soil pollution, housing, and life style. Figure 2a explains the multi-dimensional, direct and indirect effects of climate change to culture, well-being, and health.
We apply the proposition of Butler and Harley to divide the health effects of climate change into the primary, secondary, and tertiary effects. The primary effects arise from the direct changes and impacts of the physical system. The secondary effects arise due to alternations in the ecology of vectors, parasites, and host animals, and effects mediated by the allergens and air pollutants are included in this category. The tertiary effects refer to wider scale of effects caused by intersection of climate, politics, and ecology, both human and nonhuman [12••] . Our framework in the Saami context is expanded to cover cultural and social effects of climate change. Cultural and social effects are likely to influence health and well-being. Figure 2a , b describes the different methodological approaches to understand the factors effecting Saami health and cultural well-being in a changing climate and the main forces driving the global change. Figure 2a describes the central research disciplines and research methods that applied to study the holistic effects of climate change on Saami culture. Figure 2b describes the ethno-ecological niche [13, 14] of Saami people and the changing framework of their culture. The niche includes the individual and the siida that is kinship-based Saami communal structure that manages reindeer work in its own area. Each siida has its own pasture areas, but the siida system is very flexible [15] . The cultural ecological framework of the niche consists of the eallu (the reindeer) and biodiversity. Saami people and culture are not isolated but part of larger Saami community and national society with its legislation, practices, education system, and jurisprudence. Climate change has been identified as a new framework for Saami culture and livelihoods due to its far-reaching and holistic influences [16••, 17•] .
Literature Search and Complementary Evidence
We conducted a systematic literature review on peerreviewed publications covering any articles on (1) Saami people; (2) Saami reindeer herding; and (3) climate change and its effects on the Saami and the Sápmi region. We focused only on studies providing empirical research data, either qualitative or quantitative. The inclusion criteria were that the article provided information on (1) Saami culture, health, well-being and/or livelihoods; and (2) the effects of climate change on the Sápmi and Saami livelihoods. Keywords were selected based on tests of different keywords in academic search engines. Articles published in 1990-2017 were included.
In addition to the systematic literature search, we included evidence from an ethnographic fieldwork conducted by Dr. Näkkäläjärvi, which included interviews of 30 reindeer herders from four Saami communities in Finland 2015-2017, during the conduct of this systematic review. These interviews provided important insight into the holistic effects of climate change perceived by reindeer herders and it influenced the development of the theoretical framework. Table 1 provides an overview on main study topics. Most of the studies characterize the environment, culture, livelihoods, and health without any consideration of the role of climate change.
Results
Literature Search and Characteristics of Studies
Environment, Livelihoods, and Culture
Traditional Saami settlement area includes both sub-arctic and arctic areas with boreal forest, coastal areas, and large mountain regions with alpine vegetation. Snow covers the Sápmi area 8 months a year, and plays a central role in the climatic, ecological, and hydrological processes, and in the way of life and reindeer herding [18] . Saami language has a precise classification system for snow and knowledge of snow is an important part of reindeer herder's knowledge [19] . Reindeer is important for Saami culturally and reindeer herding is means to maintain traditions, language, and cultural identity in changing world. Reindeer herding, as other traditional Saami livelihoods constitute important part of Saami well-being (see Fig. 4 ). Currently, reindeer herding is one of the driving forces together with other herbivore on shaping the vegetation in Sápmi region [20] ; however, in boreal area forestry and competing land uses, such as mining, infrastructure development, and tourism affect both vegetation and reindeer herding [21, 22] . Although reindeer forage over 300 different plants in addition to fungi, ground lichen is the main forage for reindeer in winter. Lichen heaths are in heavily grazed areas and in areas where forestry and reindeer grazing coexist degraded, but there are regional differences in grazing pressure [23] [24] [25] Fig. 1 Flowchart of the systematic literature search selection of reindeer, and increase grazing pressure inside the reindeer-herding area [26, 27] , but there is also evidence that reindeers can locally habituate towards human activities [28] . Predation influences significantly the mortality among reindeers, but the effects on the total reindeer demography and livelihood are debated. Losses are compensated for the reindeer herders [29, 30, 31•] . Saami reindeer herding is distinctively inherited profession and kin-ties are important for reindeer management. [32] . Reindeer herding is connected to Saami well-being so that the quality of life decrease if the livelihood is lost [33] . Women constitute a minority of full-time reindeer herders, being actively involved in reindeer-herding culture [34••] . Evidence from Sweden suggests that there are gender differences in the status of reindeer herder, and different expectations for women [35] .
Saami reindeer herding has adopted new technology and methods such as supplementary feeding. It is argued, that these changes have increased the adaptive capacity of reindeer herding, but increased the dependence on subsidies [26, 36] .
However, there are regional variations in different reindeerherding models and in the use of new methods. Modernization has created social and economic pressures for the reindeerherding communities. Small proportion of Saami reindeer herders is involved in tourism services, which provide better income and concurrently offers means to maintain traditional livelihood [36] [37] [38] . Governance and market economy have forced Saami to change their reindeer-herding model in Kola Peninsula. Industrialization has influenced Saami to abandon their culture [39, 40] .
Assimilation measures have caused significant loss of Saami language; but language revitalization measures have improved the situation [8, 41] . The smallest Saami languages alive have only few speakers and it is likely that language loss will continue in the near future. Traditional Saami home regions are located in rural areas with sparse population. Outmigration to urban areas is an increasing trend, but the potential effects of outmigration to demography, Saami society social, and culture have not yet been explored. Migrants are characterized as young and mostly female [42] . Outmigration influences the communal viability, coherence, and vitality of the traditional Saami regions, and poses challenges to the cultural well-being of the migrants. Saami and their livelihoods are vulnerable and exposed to socioeconomic changes and top-down governance. Adaptive capacity of Saami reindeer herding is limited geographically and in terms of governance [31•, 43] . Small population size and social and assimilative legacy pose serious challenges for the possibilities of Saami to maintain their culture and way of life in changing climate.
Saami Lifestyle and Well-Being
It has been suggested that genetics together with Saami traditional lifestyle that includes significant physical activity and a healthy diet including reindeer meat, fish, and berries have positive effects on the Saami health reducing the risk of chronic diseases typically linked to western lifestyle [44] [45] [46] [47] . Unfortunately, there is evidence that the lifestyle is changing: Saami experience less physical activity and traditional diet is, especially outside Saami core areas, being partly or completely replaced with western diet [48] [49] [50] [51] . Saami women are in general more obese than women population in the same area. Saami men are less obese than the other population in the same area [52] . Obesity is a risk factor for pre-diabetes and diabetes mellitus. The findings indicate that if the cultural and socioeconomic changes continue among Saami population effecting the traditional lifestyle and diet, it is likely that diabetes mellitus will become a public health concern among Saami population. Change or loss in traditional diet also indicates change in cultural values, livelihoods, and lifestyle. Recent studies found no differences in the substance use between the Saami and the majority population in Norway [53, 54] and Sweden [55, 56] . However, 50% of non-natural deaths among Saami reindeer herders in Sweden occurred under the influence of alcohol [57•] .
In Northern Norway, the Saami were subjected to violence more than the general population; 22% Saami women experienced sexual violence [58] . Several findings from Sweden and Norway indicate that a major part of Saami population has experienced ethnic discrimination and it has negative implications to mental well-being and quality of life [59, 60] . Several important cultural and social factors, such as living in Saami core areas, involvement in reindeer herding, Saami as a native language, strong family ties, and communality, seem to protect Saami from mental health problems and provide resilience towards ethnic discrimination [60] [61] [62] .
Health and Well-Being
Several population-based epidemiologic studies have estimated cause-specific mortality and the occurrence of chronic diseases between the Saami and the majority population. Main results are summarized in Table 2 . The Saami health is on average similar, or slightly better compared to the health of other populations in the same area in Finland, Norway, and Sweden [7••] .
Unfortunately, the findings also indicate that cultural and language loss among Saami population due to assimilation policies produces mental and social problems among Saami and the burden is passed on to future generations [65] . The studies have also indicated that living outside Saami core area, loose connection to Saami livelihoods and culture and loss of Saami language can increase mental health problems and decrease resilience towards ethnic discrimination [61, 62] . Saami adolescents living outside Saami core areas use more practitioner's services than Saami in the core area or peer living in the same area [66] . This indicates that Saami are willing to seek help for their problems and living outside Saami core areas brings health challenges for Saami. A new emerging threat for Saami mental health is hopelessness and fear for the future identified in a qualitative study among Saami youth. Loss of Saami livelihood, weakened possibilities to maintain Saami culture and poor legal status are estimated to pose a serious mental health risk and impact on suicidal behavior [63••] .
Living in Saami core areas, involvement in reindeer herding, Saami as a native language, strong family ties and communality, and possibility to maintain Saami culture and livelihoods increase Saami well-being [60-62, 64, 66] .
Primary Effects of Climate Change
Studies on the primary effects of climate change were focused on ongoing and past changes in the vegetation and climate and the climate scenarios (see Fig. 3 ) in Sápmi. Local observations by reindeer herders and studies confirm that climate change has already altered conditions in Sápmi region. The most prominent are changes in snow cover and vegetation. The ethnographic interviews by Dr. Näkkäläjärvi provided evidence that observations on these changes are common and consistent among reindeer herders. Shrub expansion is occurring rapidly in tundra and mountain range, and the tree line is moving north-and upwards [67, 68] .
It is estimated that the days with snow cover are significantly shortened, but regional differences can be important. Winter thaws, rain-on-snow and refreezing events that are projected to increase creating ice crust [18, 69] , and have a negative effect on reindeer pasture conditions, since reindeer cannot dig nutrition underneath ice cover. Climate change increases the risk of wildfires that have negative health effects and result loss of pasture land. Climate change is projected to threaten the lichen ecosystems in high latitudes and increases competition with other vegetation, especially vascular plants [67] , but on the other hand, the predicted warming will decrease the cold period and days with snow cover increasing utilization of other vegetation for forage [69] . Predicted warming will increase heat stress among humans and reindeer. Changes in precipitation, increased heat stress, insect harassment, and changes in snow conditions in winter have an effect on predation and reindeer population dynamics [69, 70] . It is predicted that productivity of reindeer forage will probably increase, but the nutritive value and quality could decrease [67] .
Weather-related accidents were predicted to either decrease [18] or increase [71] . Based on the interviews, the risk for accidents has increased among reindeer herders. Changes in the carrying capacity of ice, snow quality, and formation are likely to increase the risk for transport-related accidents and in the mountain region risk for avalanches can increase. Based on available knowledge, the primary health effects of climate change are likely to increase among Saami reindeer herders. Saami reindeer-herding models differ regionally and vary from semi-nomadic to local, and effects of climate change and adaptation possibilities thus vary significantly. Based on available evidence, it is not possible to estimate how the climate change influences different reindeer-herding models. Climate change is estimated to have both negative and The epidemiologic studies rule out any major effect of the nuclear fallout on cancer incidence among the exposed population. However, the prevention measures have effected the diet, economy, social life and livelihoods of Saami Levels are significantly reduced also in most contaminated areas in Sápmi. positive effects for reindeer herding. However, the net balance is likely to vary significantly regionally depending on geography, local climate, environment, adaptation and mitigation measures, competing land uses, social system, and Saami population, reindeer-herding models, governance, and socioeconomic factors.
Secondary Effects of Climate Change
Our search identified only a few studies on the secondary effects of climate change. Northern-Atlantic Oscillation (NAO) produces mild winter weather that creates difficult pasture conditions for reindeer. The NAO incidents are expected to increase in future and climate is likely to become more variable in Sápmi region [69] . The NAO incidents have a negative effect to the winter survival of reindeer. Based on evidence from fieldwork, the increased NAO incidents have contributed to the changes in reindeer-herding practices. Warm winters will promote the development of animal parasite outbreaks among reindeers and parasite species are moving northward [72] . Based on available evidence, the most prominent secondary effects are increased outbreaks of animal-borne diseases, indications are that milder weather and less snow cover promote the spread of new diseases northwards [73] [74] [75] . Warm winters also promote the survival of geometrid moths that is one of the main drivers for vegetational change in Sápmi. Increase in precipitation increases erosion and risks for accidents. Arctic snow cover is a storage for contaminants and heavy metal pollution and reduced snow day cover and increased precipitation can expose humans to these pollutants [18] .
Tertiary Effects
The effects of climate change on the environment and livelihood are likely to influence the future expectations, which may induce mental health problems. Climate change had created fear for future and together with socioeconomic and governance pressure these can be overwhelming. The fear is focused on the future of Saami culture and way of life and disappearance of cultural knowledge and traditions. Herders have reported on increased stress, anxiety, worrying, and depression [16••, 31•, 35, 76, 77] .
Climate change adaptation and opening new resources can limit the adaptation possibilities in Sami reindeer herding by diminishing pastures. Hydropower development has influenced significantly Saami reindeer herding and culture [78] and climate change is likely to change conditions more favorable for hydropower development [18] . Wind power development is already affecting the range selection of reindeer and to the rights of Saami [27, 79] and increased temperatures will increase the productivity of boreal forest and expansion of boreal forest to new areas creating land-use competition and opening new possibilities for forestry.
Adaptation and Mitigation
Climate adaptation and mitigation were approached in the identified studies from two perspectives: (1) adaptation in reindeer herding to the adverse effects of climate change and (2) reindeer as a tool for climate adaptation. We could not identify any studies that discussed how the whole Saami culture and other livelihoods could adapt to the climate change. Findings indicate that adaptation possibilities are limited and available measures are flexible use of pasture land, use of vast environmental knowledge, herding, provide nutrition with supplementary feeding, or fell trees to gain reindeer access to arboreal lichen. Human-animal relationship and reindeer-herding traditions form a basis for adaptation measures [31•, 43, 80] . There is evidence that adaptation measures have cultural effects. Reindeer herders fear that the use of supplementary nutrition changes profoundly their cultural livelihood [81] , and similar concerns have been raised on the use of GPS-technology on reindeer [82] . Based on fieldwork data, supplementary feeding and GPS use are means for adaptation in difficult conditions, but they have also important cultural effects and may erode the cultural knowledge of the reindeer herder, which can reduce the adaptive capacity of reindeer-herding culture in the future. Reindeer become tamer due to the use of supplementary nutrition and it affects the range selection of the reindeers.
Reindeer grazing can mitigate the effects of climate change, especially in tundra. Reindeer grazing can protect the tundra biome from shrubification and tree line encroachment [68, 83] . Incentive grazing in summer increases surface albedo, delays snowmelt and decreases the ground from heating in snowmelt season [84••] . Reindeer in fact is a key species for the environment and Saami inhabiting the area. Figure 5 summarizes our analysis of the main factors affecting health and well-being of Saami and Sápmi in the changing climate based on available data and application of theoretical framework (Fig. 2a) .
Discussion
Environmental and Cultural Change
A recently published meta-analysis suggests that climate change is having profound disruptive effects at local levels and that local observations can make an important contribution to understanding the pervasiveness of climate change on ecosystems and societies [17•] . Indigenous communities from the Arctic have reported that weather conditions have been less predictable in the past decades [85, 86] . Our findings and fieldwork support these observations. The environmental changes affecting flora and fauna are projected to continue in the Arctic (Table 3 ) [87] .
The melting sea ice and opening of new resources for extraction [88] increase the risk for environmental accidents and are likely to increase land-use competition limiting the possibilities for Saami to adapt to the climate change and possibilities to maintain their traditional livelihoods.
The most important traditional game for the Saami is willow ptarmigan (Lagopus lagopus). A recent study suggests that predation-ptarmigan interactions have changed, most likely due to climate change. Ptarmigans are vulnerable to the temperature fluctuations, increased precipitation, and population declines are likely to occur in changing climate [89] . Fishing is important to both inland and coastal Saami, and especially in coastal area fishing is a viable livelihood [90] . It is projected that changes in temperature effect the movement, location, and demography of fish stock [91] . However, how these changes are likely to influence Saami fishing culture, is not known.
Health Perspectives
Saami are considered to be highly adapted to Arctic conditions [92] but it is possible that socioeconomic and lifestyle changes have negative effects on adaptive capacity. Our analysis suggests that the lifestyle, diet, and morbidity of the Saami is changing to resemble the majority populations posing threats for both the physical and mental health of the Saami, increasing general morbidity, and making them more vulnerable to the adverse health effects of climate change. Changes in lifestyle and diet expose Saami to cardiovascular disease. Increased climate change-related heat exposure is associated with an increase in cardiac events and especially elderly are vulnerable [93] . We have identified that the livelihood changes may have direct effects on the physical health and cultural well-being of the Saami, which need to studied further and taken into consideration in governance.
Projected changes in temperature are likely to increase the risk of adverse secondary health risks both to Saami and reindeer. Disease outbreaks of pathogens transmitted by ticks and voles could emerge in previous non-endemic geographic areas [73, 94] . Infectious diseases are likely to have more outbreaks in changing climate and expand to new territories into the north [74, 95] . Increase in precipitation and flooding events could create conditions favorable for mold growth in homes and this may result in an increase in mold-related disorders and allergies. A new emerging health threat especially in Russian Arctic is the melt of permafrost and release of pathogens [96] .
According to AMAP human health report, human exposure to most POPs and metals is declining across many parts of the Arctic but interactions between climate change and contaminant transport have the potential to change human exposure in the Arctic significantly [97] . A major contributor to mental health among Arctic indigenous populations is chronic psychosocial stress linked to rapid socioeconomic development and this development is expected to accelerate due to climate change [98, 99] . Our findings support these observations. Climate adaptation and mitigation actions such as wind power or hydropower development may increase the stress and mental pressure among the Saami and increase pasture competition. Therefor, climate adaptation and mitigation measures should take into account possible effects to the health and well-being of Saami.
Primary effects
Saami are indigenous people and international covenants obligate the states to protect Saami culture and way of life for future. Health and well-being are basic human rights but in indigenous context culturally meaningful life is a human rights question. Currently there is not sufficient information to appropriately assess health and cultural well-being among the Saami, and therefor, it is challenging to evaluate whether international human rights obligations are met and to what extent adaptation to climate change will be culturally sustainable. Thus, evaluation and long-term monitoring of Saami health and cultural well-being is crucial. Development of a monitoring system is urgent. This study has elaborated the existing knowledge on the relations between environment, culture and health and on the influences of climate change to culture and health of Saami, and shown that the evidence base is limited.
Saami communities around Sápmi face many socioeconomic challenges that threaten their possibilities to maintain their culture and identity. These multi-stress factors weaken the possibilities of Saami to adapt to climate change and maintain their culture. According to the fieldwork data, climate change poses risk for reindeer health and health of reindeer herders in terms of increased risks for accidents and future health prospects. Most prominent health effects are the mental health effects: increased stress, concern over the future of Saami way of live and pressures to abandon traditional Saami lifestyle. Also literature search support these findings.
Our analysis suggests that climate change brings both environmental, economic, cultural and social effects on reindeer herding as economic livelihood and as cultural way of life.
Comparison of the health and well-being of Saami to the health of other indigenous people is possible only at a general level. Comprehensive population-based studies and registrybased data are missing-in Nordic countries ethnic registries are forbidden-and hence, even the definition of a Saami is being disputed. The most comprehensive overview on the health of indigenous and tribal people was published in 2016. The study used general indicators-such as life expectancy and infant mortality-available from registries, excluding morbidity and mental health. The analysis shows that direct comparison of health of indigenous peoples is not possible, because of different status and legal interpretation of indigenousness, differences in data collection methods and indicators and lack of standardization of different methods [100] . However, it can be argued that based on available evidence, the health of Saami is relatively good or better when compared on a general level to other indigenous peoples globally, but overview on cultural well-being and metal health of Saami is missing. More research and development of a monitoring system are needed to understand the health and cultural well-being of Saami in changing climate taking into consideration Saami values and traditions and major drivers for change.
Conclusion
The multidisciplinary methodology presented here to theorize and understand how climate change effects all aspect of Saami life is central for monitoring the effects and finding ways for culturally sustainable adaptation. Cultural well-being in the Saami context depends on social community and kinship structure, environmental relationship, and traditional livelihoods, and ultimately, possibility to maintain Saami ethnicity and language. Loss of language, culture, and living in urban areas expose Saami to lifestyle changes that can have negative implications for mental and physical health.
Saami have been a study object for centuries in different disciplines, nonetheless holistic analysis is missing on the status and capacities of Saami people to survive and adapt in changing climate. The warming climate and new insight call for a new, comprehensive assessment of the effects of climate change to Sápmi and Saami culture and projected outlook for the future. However, climate change has already influenced Saami culture substantially. Outmigration can in future change to climigration and have a profound effect on the Saami culture and viability of traditional Saami home region. Saami population is small and number of Saami that speak Saami as native language is even smaller. Societal changes and assimilation policies have contributed the loss of language and cultural knowledge and made Saami people even more vulnerable to the negative and cumulative effects of climate change.
A crucial challenge for the future of Saami people and vulnerability among the Saami is the small population size, dispersed settlement, and urbanization that limits the possibilities for cultural adaptation in the changing climate.
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